The runoff efficiencies of 14 operational water harvesting catch ments were estimated using a small portable sprinkler. The sprinkler method was verified using actual rainfall-runoff data from test plots of various water harvesting treatments at the Granite Reef Test Site. Sprinkler results showed that membranetype treatments yielded 90-100% runoff. The runofffrom properly installed wax-type treatments averaged over 80%. The sprinkler method permitted evaluation of catchment runoff efficiencies without resorting to the tune and effort required for large fieldinstrumentation projects.
pattern and defined by a metal shield sealed to the soil surface by a foam rubber cushion on top of a layer of bentonite clay. The runoff water from the soil was trapped at the lower side of these test area and collected by a small vacuum line for measurement in a graduate plastic chamber. Wind disturbance of the spray was minimized by a curtain fastened to the framework. Water sprayed outside the 1-square meter test area was collected in a channel around the metal shield and conveyed away from the test area. The spray application rate was set prior to testing by placing a metal pan over the test area and adjusting the water pressure at the nozzle until a constant spray rate of 45 to 50 mm/hr was achieved. Without shutting off the spray, the pan was removed, and the water was then sprayed directly onto the catchment surface within the test area for 10 to 15 minutes. The sprinkler was then moved to a new location on the catchment surface and the procedure repeated. Two to three sites were usually evaluated on each catchment.
The accumulative runoff from each test was recorded and plotted vs. the accumulative water applied (Fig. 2) . The best fit straight line from least square regression analysis was fitted for all points after runoff had started. The X-axis intercept represented the threshold rainfall or the amount of water applied before runoff started. The slope of the line represented the runoff efficiency of the treatment after runoff started. The sprinkler method was compared with actual rainfall results obtained from 11 different types of water harvesting membranes and soil treatments on field-sized plots at the Granite Reef Test Site, located approximately 25 km northeast of Mesa, Ariz. The treatments are described in Table 1 . Precipitation runoff from each plot was collected in an underground tank and measured after each storm event by pumping the water through precalibrated water meters. Pre cipitation was measured with a network of rain gages. For each plot, the actual rainfall threshold and runoff efficiency after threshold was determined by standard linear regression analysis of rainfall-runoff data from individual storm events, but omitting storm events with zero runoff (Fink and Frasier 1977) .
Results and Discussion
Granite Reef Test Site Table 2 shows the sprinkler-runoff and the rainfall-runoff results for the 11 plots at the Granite Reef Test Site. Linear regression analysis showed that the sprinkler treatments overestimated the runoff efficiencies by 8% on the treatments with low runoff efficiencies (50-70%), but by only 2% on the treatments with good runoff efficiency (90-100%) (^=.8).
This may have resulted from the relatively high sprinkling rate as compared with average rainfall intensities of actual storm events. The sprinkler overestimated the threshold rainfall by 0.8 mm on all of the treatments (rt= .86). The sprinkler evaluation results for the silicone treatments showed large variations in the runoff efficiencies and threshold rainfalls within the catchment areas. Myers and Frasier (1969) showed that this could have resulted from non-uniform treatment application, soil erosion. Based on these studies, we concluded that the sprinkler method could be used to estimate the performance of membrane and some chemical soil treatments.
Operational Water Harvesting Catchments Table 3 summarizes results of sprinkler tests on 14 operational water harvesting catchments in Arizona with various surface treatments. The first five catchments have membrane-type treatments. The gravel-covered polyethylene catchment (Boggs Ridge) had the highest threshold rainfall (4.4 mm) plus relatively low runoff efficiency (57%). Inspection of the plastic sheeting under the gravel revealed numerous small holes, probably caused during installation which contributed to the poor runoff performance. The resin fiberglass, asphaltfiberglass, and butyl-rubber catchments each had good runoff efficiencies and low threshold water retention.
The remaining nine catchments were water repellent treatments of paraffin wax, installed 2 months to 3 years prior to testing. The Slope catchment has been tested five times since installation. The average threshold rainfalls were essentially the same for all tests. The lower runoff efficiencies measured in the spring as compared to the fall tests indicated climate and/or soil temperature may have affected the performance of the treatments. During cooler periods, the wax may crystallize and crack, which could reduce the soil water repellency. During the summer, the soil temperature would be sufficient to remelt the wax and restore the water repellency. Runoff efficiencies measured on the Snap Point catchment are relatively low; yet this water-harvesting system is supplying the required amount of drinking water for the livestock and wildlife using the area (Cooley et al. 1978 ).
The low runoff efficiency measured on the Temple catchment in August, 1976, may have been expected in retrospect. The recommended procedure for wax treatments is to construct catchments with less than 8% slope so that the velocity of the water flowing over the catchment surface is low enough to minimize possible soil erosion. This catchment had an average slope of over 10%, and in some areas the slopes were approximately 20%. Also, the original was application rate was less than what now is recommended for soils of this type. This catchment surface was severely damaged from an unusually intense thunderstorm in September 1976. The damaged areas were repaired and retreated with wax in July, 1977. Sprinkler tests since then indicate good runoff efficiencies (over 80%). The catchment still has an excess slope, and can potentially be damaged by high intensity precipitation events.
Tests on the Westwind catchment in August, 1976, showed an average runoff efficiency of 88%. It was believed that insufficient wax for the soil type had been applied. In July, 1977, additional wax was applied. Sprinkler tests since re-treatment have not shown a consistent increase in runoff efficiencies. Runoff averaged 90,84, and 85% when checked in August, 1977 , May, 1978 , and September, 1978 The Burnt Ridge, Toquer, and Gubler catchments were all treated in July, 1977 . Sprinkler tests in August, 1977 , showed average runoffefficiencies of 92 and 95% from Burnt Ridge and Toquer, respectively, but the Gubler catchment averaged only 59%. Similar runoff efficiencies were measured on these three catchments in May, 1978, and September, 1978 . The exact cause of the poor performance on the Gubler catchment is unknown. Some chemicals in the soil may be causing an adverse interaction with the paraffin.
The Corner catchment was hand smoothed and treated with a granulated paraffin wax spread on the soil surface in a uniform layer. The hot soil temperatures during the next 3 days were sufficient to melt the wax into the soil. Sprinkler tests on this catchment in May, 1978, showed essentially 100% runoff. The threshold rainfall was relatively high, partially a result of the rough catchment surface.
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(1.1-1.9) Table 3 . Threshold runoff and runoff efficiency after threshold as determined by sprinkler testing on 14 operational water harvesting catchments. 
Summary and Conclusions
The performance of a water harvesting system depended upon the effectiveness of the catchment apron treatment to inhibit infiltration. Water yield estimates of operational water-harvesting catchments are usually based on the average runoff obtained from small instrumented similarly treated plots. A small portable sprinkler was developed to estimate the runoff efficiency of operational water harvesting catchments. The sprinkler method, which evaluates 1-meter-square portions of the catchment, was validated by comparing the results with actual precipitation-runoff measurements from various catch ment treatments at the Granite Reef Test Site. This sprinkler method permitted the evaluation of the performance of operational water-harvesting catchments, without the labor and expense of standard runoff instrumentation.
The sprinkler was used to estimate the runoff efficiency from various type treatments on 14 operational catchments. The results indicated that membrane treatments, like asphalt fiberglass or butyl, yield 90 to 100% precipitation runoff. A gravel-covered polyethylene treatment required a high thres hold rainfall quantity to overcome the water retention within the gravel layer. Small holes in the plastic sheeting contributed to the low runoff efficiency.
The sprinkler results from the wax-treated catchments showed that this treatment can be effective treatment for water harvesting catchments. One wax catchment had a very poor runoff efficiency. Further studies are needed to explain why the wax treatment was not effective on this catchment.
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